This study examined the test-retest reliability, validity and external responsiveness of a new multi-change of direction agility test (NMAT) designed for soccer players. Forty-four Tunisian soccer players were recruited and were divided into two groups according to their playing levels (International, n = 21 and National, n = 23). Following familiarization, athletes performed squat jump (SJ), countermovement jump (CMJ), running speed test (5 m and 20 m), 15-m agility run (Agility-15 m), 15-m ball dribbling (Ball-15 m), and NMAT and ball dribbling NMAT (Ball-NMAT) in 2 sessions, 48 h apart. The intraclass correlation coefficient and SEM values were .96 (CI 95%: .94 -.98) and .05 seconds for NMAT and .97 (CI 95%: .94 -.98) and .09 seconds for Ball-NMAT, respectively. The smallest worthwhile changes were greater than their SEM for both NMAT and Ball-NMAT. The MDC 95 values were .15 seconds and .25 seconds for NMAT and Ball-NMAT, respectively. Both NMAT and Ball-NMAT were respectively correlated with Agility-15 m (r = .78; p < .001) and Ball-15 m (r = .81; p < .001). Similarly, significant correlations were observed between both NMAT and Ball-NMAT and leg power and straight sprint (.01 < p < .001). International-level soccer players were better than national-level in all tests including NMAT and Ball-NMAT (.01 < p < .001). The areas under their receiver operator characteristics curve were > .7 (.85; CI 95%: .71 -.94 and .91; CI 95%: .78 -.97 for NMAT and Ball-NMAT, respectively). These results indicated that NMAT provides excellent absolute and relative reliabilities. The NMAT can distinguish soccer athletes of different competitive levels. Thus, the NMAT may be suitable for field assessment of specific agility of soccer players.
Introduction
Soccer is the most popular sport in the world, especially among children. It consists of intermittent high-intensity exercises that involve various types of runs with rapid changes of directions, starts, stops, jumps and kicks (Reilly, Bangsbo, & Franks, 2000; Stølen, Chamari, Castagna, & Wisløff, 2005) . Accordingly, players are predisposed to possess well developed aerobic fitness and anaerobic power, coupled with good agility to be capable of maintaining high power during fast movements over the entire match (Mohr, Krustrup, & Bangsbo, 2005) . In this type of sport, players are required to accelerate, decelerate, and change direction throughhout the game in response to a stimulus, such as an opposing player's movements or the movement of the ball . Team game players need thus to be exceptional movers in forward, lateral, back, and multidirectional movements in a considerable reduced area (Bloomfield, Polman, & O'Donoghue, 2007) . Agility, commonly defined as an individual's ability to change direction while at speed, has been deemed an identifiable athletic quality in the development of individual and/or team success in field and court sports (Young, James, & Montgomery, 2002; . Field testing is a key component to measure player performance in all sports, which provides coaches and conditioning staff information to evaluate player performance and measure desired training effects. Movement skills are often sportand sometimes position-specific (Hasegawa, Dziados, Newton, Fry, Kraemer, & Hakkinen, 2002) , suggesting that test selection should be related to sport-specific characteristics or position-specific movement patterns. A number of tests have been purported to assess agility including the 505 agility test (Ellis, Gastin, Lawrence, Savage, Buckeridge, Stapff et al., 2000) , T-test (Haj-Sassi, Dardouri, Haj Yahmed, Gmada, Mahfoudhi, & Gharbi, 2009) , and the Edgren side step test (Harman, Garhammer, & Pandorf, 2000) . Other tests commonly are used, such as Illinois agility test (Hachana, Chaabène, Nabli, Attia, Moualhi, Farhat et al., 2013) . Nevertheless, it is generally accepted that many current tests used to measure agility performance within field based team-sports are not matched with known game-day movement characteristics . In this context, Mujika et al. (2009) proposed a specific agility test for soccer players which take into account the specific movement patterns. While the value of these tests is acknowledged, there are some limitations. In fact, these tests do not take into account the sideways and backward running and changes of direction met in soccer game. These appropriate soccer movement characteristics should be understood when selecting drills or exercises in athlete's training process. Central to the importance of features' knowledge of the various actions met during soccer games, we develop a new multi-change of direction agility test (NMAT). It is generally admitted that any test should respond to several standard criteria, including reliability, validity and external responsiveness (Hopkins, 2000; Beekhuizen, Davis, Kolber, & Cheng, 2009 ) for its scientific acceptance. Therefore, the aim of this study was to evaluate the reliability, validity and external responsiveness of the NMAT designed for soccer players. In addition, we examined the relationship between the performance of this test and those of the 15-m agility run and vertical jump and speed tests. We hypothesized that the NMAT would provide stable test-retest scores, and low minimal detectable change. It would have a stronger relationship with the speed and 15-m agility run performances and all jump ability tests.
Methods

Participants
A total of forty-four male soccer players (21 Internationals and 23 Nationals) of two different performance levels took part in this study (mean ± [SD] age: 17.4 ± .6 year; Height: 181.1 ± 4.7 cm; Body mass: 76.5 ± 7.8 kg; Body fat: 13.5% ± 2.1%). They practise soccer 11 months a year, for at least 7 years (7.7 ± 1.4) at a rate of 5 sessions with one competitive game per week, in addition to their school physical education. In general, soccer training sessions lasted ~1 h 30 min, including about 15 -20 min of warming up, low-intensity games and stretching exercises, 15 -25 min of technical soccer exercises (kicking actions, dribbling, jumping, and running with fast accelerations and decelerations), 20 -30 min of match practice, and 10 min of active recovery. None of the participants reported any current or on-going neuromuscular diseases or musculoskeletal injuries specific to the ankle, knee, or hip joints, and none of them were taking any dietary or performance supplements that might be expected to affect performance during the study. Written informed consent was received from all subjects after verbal and written explanation of the experimental design and potential risks of the study. The study was conducted according to the Declaration of Helsinki and the protocol was fully approved by the local Ethic Committee of the University before the commencement of the assessments. All the participants were fully accustomed with the procedures used in this research and were informed they could withdraw from the study at any time without penalty.
Procedure
The first phase of this study aimed to establish the relative and absolute reliability of the NMAT Agility test in a group of 44 soccer players. Each subject completed the NMAT twice separated by at least 48 hours. All subjects were familiarized with the NMAT protocol before data collection.
To avoid the effect of diurnal variations, the NMAT was completed at the same time of the day after a 15-minute warmup including jogging, sprinting, lateral displacements, dynamic stretching, and jumping. The second phase of our investigation aimed to examine the relationship between the NMAT and other physical fitness components that were anaerobic performance and explosiveness. All subjects performed the speed, agility, jump tests. For the jump tests, subjects were allowed to perform 3 trials. All subjects performed each test with at least 3 minutes of rest between all trials and 5 minutes between tests to ensure adequate recovery. Vertical jump performances (peak height) were measured by using the Opto-jump system (Microgate SARL, Italy).
Anthropometry
Each subject was weighed and its stature determined. To estimate the adiposity, skinfold thickness were measured at four sites on the left-side of the body (triceps, biceps, subscapular and suprailiac) using a Harpenden skinfold calliper (British Indicators Ltd., Luton). All measurements were taken by the same investigator.
New Multi-Change of Direction Agility Test (NMAT)
In this test, players' velocity in a 25 m agility run was measured using the same photocell gates system. The player begins to make a lateral displacement of 2.5 m linear and then turns back in traversing the same distance (2.5 m) and arriving at the starting point where he conducts a running back 2.5 m followed by a 3-m race before. At this stage, the athlete will begin a race with change of direction of 1 m chained by a linear stroke of 1.35 m and then crosses a barrier (fence) with a height of .5 meters. The test will end a run of 5 m linear (Figure 1 ).
Squat Jump
The subject started from a semi-squat position with the hands held at the hips to avoid upper limb body contribution and jumped upward as high as possible. This test was used to estimate muscle power under concentric condition. A successful trial was one where there was no sinking or countermovement before the execution of the jump. The intra-class correlation coefficient (ICC) of the squat jump in our study was .96 (95% confidence interval [CI] : .91 -.98) with no significant differences between the 2 trial scores (p = .62, effect size [ES] = .05 [trivial] ).
Countermovement Jump
The subject began from an upright standing position, performed a very fast preliminary downward eccentric action followed immediately by a jump for maximal height. Hands remained at the hips for the entire movement to eliminate any influence of arm swing. The ICC of the countermovement jump (CMJ) in our study was .97 (95% CI: .92 -.99) with no significant differences between the 2 trial scores (p = .91, ES = .01 [trivial] ).
Running Speed Test
The time needed to cover 5 m (5 mSS) and 20 m speed (20 mSS) was measured with an infrared photoelectronic cell (Cell Kit Speed Brower, USA). The participants were motivated to run as fast as they could, and the best (fastest) 5 m and 2 m sprint time were selected for analysis.
15-m Agility Run (Agility-15 m)
This test was performed according to the protocol previously described by Mujika et al. (2009) . In this test, players started running 3 m behind the initial set of gates. After 3 m of line running, players entered a 3-m slalom section marked by three sticks 1.6 m of height and placed 1.5 m apart, and then cleared a .5-m-height hurdle placed 2 m beyond the third stick. Players finally ran 7 m to break the second set of photocell gates, which stopped the timer. Each player performed two maximal Agility-15 m interspersed with 3 min of passive recovery, and the fastest time achieved was recorded.
15-m Ball Dribbling (Ball-15 m)
This test was performed according to the protocol previously described by Mujika et al. (2009) . During this test, players were required to dribble a ball while performing the test. After the slalom section of the test, the ball was kicked under the hurdle while the player cleared it. The player then freely kicked the ball towards either of two small goals placed diagonally 7 m on the left and the right sides of the hurdle, and sprinted to the finish line. Each player performed two maximal Ball-15 m interspersed with 3 min of passive recovery, and the fastest time achieved was kept for analysis.
Statistical Analyses
Data are shown as mean ± SD. Normality was analysed using the Shapiro-Wilktest. All variables presented a normal distribution. To investigate systematic bias, a paired Student's t-test was conducted to test hypothesis of no difference between the sample mean score for the test versus the sample mean score for the retest. Estimates of effect size were calculated to assess meaningfulness of differences. Effect sizes of 1.2, between 1.2 and .6, between .6 and .2, and .2 have been considered as large, moderate, small, and trivial, respectively (Hopkins, 2005) . The ICC was used to examine the relative reliability of both NMATand Ball-NMAT. The SEM and 95% limit of agreement (LOA) method (Bland & Altman, 1995) were calculated as an indication of the absolute reliability of both NMAT and Ball-NMAT. Toestablish the usefulness of the NMAT and Ball-NMAT, the SWC was determined (Atkinson & Nevill, 1998) . The sensitivity of the test was assessed by comparing the SWC and SEM, using the thresholds (Liow & Hopkins, 2003) . If the SEM is smaller than the SWC, the ability of the test to detect a change is "good"; if the SEM equals SWC, then the test is "satisfactory", but if the SEM is greater than the SWC, then the test is rated as "marginal". Knowledge of the SEM allows the calculation of the MDC 95 . The MDC reflects the 95% CI of the difference in scorebetween paired observations, calculated as MDC 95 = SEM × 2 × 1.96 (Beckerman, Roebroeck, Ankhorst, Becher, Bezemer, & Verbek, 2001) .
Heteroscedasticity was assessed using a zero-order correlation coefficient between the means of the subject's test and retest scores and the absolute differences between the subject's test and retest scores. Comparison of anthropometric variables and test performances between international and national players was assessed using in dependent t-test. The receiver operator characteristics (ROC) curve with area under the curve (AUC) was used to evaluate external responsiveness of both NMAT and Ball-NMAT according to performance levels. The area under the ROC curve was interpreted as the probability of correctly discriminating between soccer athletes with a good and a poor outcome. The area of .5 is interpreted as no discriminatory accuracy and 1. as complete accuracy (De Vet, Bouter, Bezemer, & Beurskens, 2001) .
Results
Both NMAT and ball-NMAT were observed to have acceptable relative and absolute reliability. Residual data for both NMAT and Ball-NMAT test and retest trials comparison were normally distributed (p = .36 and p = .42, respectively). Mean scores (SD) of both NMAT and Ball-NMAT, ICC, SEM and MDC 95 values between test and retest are given in Tables 1 and  2 . Both NMAT and Ball-NMAT showed a high degree of relative reliability between the test-retest sessions. ICC values were .96 (95% CI, .94 -.98) for NMAT and .97 (95% CI, .94 -.98) for Ball-NMAT ( Table 1) .
The heteroscedasticity coefficients for both NMAT and Ball-NMAT were not significant (r = −.05 [95% CI, −.34 to .25; p = .74] and r = .15 [95% CI, −.15 to .43; p = .33], respectively). The mean difference (bias) ± the 95% LOAs were .02 ± .16 seconds and −.01 ± .26 seconds for NMAT and Ball-NMAT respectively. Heteroscedasticity diminished for both NMAT and Ball-NMAT when test and retest data were Log transformed (r = −.02 [95% CI, −.31 to .28; p = .91] and r = .06 [95% CI, −.24 to .35; p = .69], respectively). The mean difference (bias) ± the 95% LOAs of the Log transformed data were of .0007 ± .0076 seconds for NMAT and of −.0003 ± .0091 seconds for Ball-NMAT ( Table 2) . Taking antilog of these LOAs gave a mean bias of 1.001 with an agreement component of ×/÷ 1.008 for NMAT and a mean bias of 1.000 with an agreement component of ×/÷ 1.009 for Ball-NMAT. Thus, the 95% of the ratios for the log transformed test score divided by log transformed retest score should be contained between .993 (1.001 ÷ 1.008) and 1.009 (1.001 × 1.0086) for NMAT and between .991 (1.000 ÷ 1.0091) and 1.009 (1.000 × 1.0091) for Ball-NMAT.
Descriptive data from testing performance is listed in Table  3 , including NMAT, Ball-NMAT, 20 m straight sprint, JS and CMJ performed separately by international and national level groups. Independent sample t-test revealed that international level soccer players had significantly better performance in whole tests, especially NMAT and Ball-NMAT (.01 < p < .001; Table 3 ). A receiver operator characteristic (ROC) curve analysis was calculated between international and national level soccer players. The NMAT was considered having very good discriminant ability. The areas under the ROC curve were .85 (95% CI, .71 to .94; p < .001) for NMAT and .92 (95% CI, .79 to .98; p < .001) for Ball-NMAT (Figure 2) . Table 4 showed that both NMAT and Ball-NMAT were respectively correlated with Agility-15 m and Ball-15 m (r = .78 and r = .81; all p < .001, respectively). In addition, both tests were significantly correlated with maximal speed and lower limb power (r = .51 to r = .6, .01 < p < .001).
Discussion
The purpose of this study was to assess the reliability, validity and sensitivity of the NMAT with and without ball as well as to examine the relationship between this test and Agility-15 m and both sprint and vertical jump. The main design idea of the NMAT was to consider the forward, lateral, back, and multidirectional movement patterns encountered during soccer games. In the present study, we found a high reliability of the NMAT with and without ball was high across the two measurement trials. Several recent studies usually investigated the reliability of field tests by using 2 commons indices including the ICC values and 95% LOA method (Haj-Sassi, Dardouri, Haj Yahmed, Gmada, Mahfoudhi, & Gharbi, 2009; Haj Sassi, Dardouri, Gharbi, Chaouachi, Mansour, Rabhi et al., 2011; Hachana, Chaabène, Nabli, Attia, Moualhi, Farhat et al., 2013) . These studies considered the two methods as the most appropriate and objective for reliability assessment. ICCs across the two trials in our study were .96 and .97 for NMAT and Ball-NMAT, respectively. These values were in the same range of relative reliability value indices reported in other agility tests (Haj-Sassi, Dardouri, Haj Yahmed, Gmada, Mahfoudhi, & Gharbi, 2009; Haj Sassi, Dardouri, Gharbi, Chaouachi, Mansour, Rabhi et al., 2011; Hachana, Chaabène, Nabli, Attia, Moualhi, Farhat et al., 2013) . Haj-Sassi et al. (2009) reported an ICC of .92 to .96 across two modified agility T-test trials in men and women physical education students. In the same context, Hachana et al. (2013) found an ICC of .96 across two Illinois agility run trials in 89team sports players. It is commonly accepted that an ICC over .9 is considered high for physiological field tests (Vincent, 1995) ; so, our results demonstrated a high reliability of both NAMT and Ball-NMAT. Receiver operating characteristics curve for both NMAT and ball-NMAT. NMAT: Sensitivity 91%, specificity 67% and criterion was >9.36 s; Ball-NMAT: Sensitivity 96%, specificity 76% and criterion was >11.91 s. The relative reliability of both NMAT and Ball-NMAT has been also confirmed in our study by the 95% LOAs. In our study, the bias ± the 95% LOAs of the NMAT and Ball-NMAT were .02 ± .16 seconds and −.01 ± .26 seconds, respectively. The antilog of these LOAs could be expressed as the mean bias of 1.001 ×/÷ 1.0081 for NMAT and of 1.000 ×/÷ 1.009 for Ball-NMAT. Thus, the 95% of the ratios for the log transformed test score divided by log transformed retest score should be contained between .993 (1.001 ÷ 1.008) and 1.009 (1.001 × 1.0086) for NMAT and between .991 (1.000 ÷ 1.0091) and 1.009 (1.000 × 1.0091) for Ball-NMAT. As practical considerations, when an athlete from the experimental group performed respectively 9.5 seconds and 11.9 seconds on the NMAT and the Ball-NMAT, on the retest he could perform a score as high as 9.5 × 1.009 = 9.59 seconds, or as low as 9.5 × .993 = 9.43 seconds for NMAT and a score as high as 11.9 × 1.009 = 12.01 seconds, or as low as 11.9 × .991 = 11.79 seconds (Cooper, Baker, Tong, Roberts, & Hanford, 2005) . According to Atkinson and Nevill (1998) , it is important to use the MDC 95 as a criterion todetermine whether a real change has occurred between testand retest. In this study, the MDC 95 for the NMAT and the Ball-NMAT have been .15 and .25 seconds, respectively. When changes in both NMAT and Ball-NMAT test-retest score are ±.15 and ±.25 seconds, true changes can be associated. Thus, in agreement with recent studies of Haj-Sassi et al. (2009) and Hachana et al. (2013) , we could consider these LOAs acceptable.
One of the most aims of the NMAT is to select athletes. To that end, it should be able to discriminate athletes of different competitive and fitness level. This kind of validity is commonly established by testing differences between groups of subjects of different competitive level (Impellizzeri & Marcora, 2009 ). In our study, a significant difference has been found between both NMAT and Ball-NMAT performances of international and national groups. In clinimetrics, alternative methods such as the receiver operator characteristics (ROC) curve are gaining popularity and can be used to validate the discriminant ability and the responsiveness of physiological and performance tests (Mannion, Elfering, Staerkle, Junge, Grob, Semmer et al., 2005) . Thereby, a performance test was considered responsive if its area under the ROC curve was ≥.7 (Mannion, Elfering, Staerkle, Junge, Grob, Semmer et al., 2005) . Indeed, the area under the ROC curve represents the probability of correctly discriminating international from national soccer players using both NMAT and Ball-NMAT. Accordingly, in the present study we found that the areas under the ROC curve were >.7 (.85 [95% CI, .71 to .94] and .92 [95% CI, .79 to .98] for NMAT and Ball-NMAT, respectively). The test scores able to differentiate between international and national soccer players are >9.36 seconds for NMAT and >11.91 seconds for Ball-NMAT. This cut-off value gives true positive rates (sensitivity) of 91 and 96% and false positive rates (1-specificity) of 67 and 76% for NMAT and Ball-NMAT, respectively. Therefore, this kind of statistical tool suggest that both NMAT and Ball-NMAT have excellent discriminant ability if its purpose is to differentiate between international and national soccer players.
Pearson product-moment correlations have been also calculated between the NMAT and Agility-15 m, vertical jump and straight sprint tests ( Table 4 ). The coefficient of determinant (R 2 ) highlighted that NMAT and Agility-15 m as well as Ball-NMAT and Ball-15 m share 61% and 66% common variance, respectively. These results indicate that the NMAT could be used to evaluate change of direction speed, and thus soccer-specific agility. Accordingly, compared with other testing methods, the NMAT could be considered as the most appropriate test for assessing specific-agility in soccer. Since, this test takes into consideration the soccer-specific characteristics and movement patterns. In addition, both NMAT and Ball-NMAT were correlated to SJ, CMJ and 20 mSS. Our results were comparable with other studies that examined the relationship between agility tests (change of direction speed tests) and vertical jump and straight sprint tests (Haj-Sassi, Dardouri, Haj Yahmed, Gmada, Mahfoudhi, & Gharbi, 2009; Hachana, Chaabène, Nabli, Attia, Moualhi, Farhat et al., 2013) . Haj Sassi et al. (2009) have shown that a modified agility T-test was only correlated to free CMJ and 10-m straight sprint in female but not in male athletes. On the other hand, Young et al. (1996) have revealed a low and non-significant correlation between the CMJ test and 20-m change-of-direction test. Similar results have been reported by Webb and Lander (1983) . They have reported a low and non-significant correlation between the "L" change-of-direction run test and vertical jump. Recently, Hachana et al. (2013) have shown significant correlation between Illinois change-of-direction agility run and agility T-test and between Illinois change-of-direction agility run and CMJ and acceleration and speed. In this context, Thomas and Nelson (2001) stated, "When common variance between the two variables is less than 50%, it indicates that they are specific or somewhat independent in nature". Based on these results, it seems that change of direction speed and straight sprint were two specific determinant qualities on performance. Given the complexity of agility, it appears that the complex control motor and coordination of several muscle groups could contribute considerably to the change of direction speed performance (Young, Hawken, & McDonald, 1996) .
Conclusion
In conclusion, the NMAT can be considered as a sport-specific field test designated to evaluate change of direction and agility performances in soccer athletes. This test provided good absolute and relative reliability and successfully discriminated karate athletes by competitive level. Its performance is significantly related to speed and lower limbs power. Considering that reliability and discriminant ability of a test are two important aspects, the NMAT can be used to monitor soccer training programs, especially those directed to improve change of direction and agility of soccer athletes.
